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DQG PRVW UHFHQW EHLQJ /7($ ,PSURYLQJ WKH OLQN FDSDFLW\ DQG EDQGZLGWK ZLWK RSWLPDO VSHFWUXP UHVRXUFH
DOORFDWLRQKDVDOZD\VEHHQWKHGULYLQJIRUFHEHKLQGWKLVFRQWLQXXPRIWKHDGYDQFHVPDGHLQFHOOXODUWHFKQRORJLHV
7KHFRQFHSWRIKHWHURJHQHRXVQHWZRUNVKDVEHHQDUHFHQWDGGHQGXPWRWKHFRQFHSWRIFHOOXODUQHWZRUNV
%HIRUH ZH GLVFXVV IXUWKHU VRPH RI WKH WHUPLQRORJLHV WKDW DUH XVHG WKURXJKRXW WKH SDSHU DUH GHSLFWHG LQ
QRPHQFODWXUH
1RPHQFODWXUH
0%6 0DFURFHOOEDVHVWDWLRQ
6,15 6LJQDOWRLQWHUIHUHQFHSOXVQRLVHUDWLR
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615 6LJQDOWR1RLVHUDWLR
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7KH WHUP³+HW1HWV´PD\KDYHPDQ\GLIIHUHQWVHQVHVDQGPXOWLSOHPHDQLQJV ,QDEURDGHUVHQVHD+HW1HW LVD
PXOWLWHFKQRORJ\PXOWLOD\HUPXOWLDUFKLWHFWXUHPXOWLWLHUDQGDPXOWLSURWRFROQHWZRUNLQZKLFKYDULRXVGLIIHUHQW
VWDQGDUGVZLOOEHVXSSRUWHGDQGPDLQWDLQHGDWWKHVDPHWLPH,QWKLVSDSHUWKHWHUP³+HW1HWV´LVYLHZHGIURPWKH
SHUVSHFWLYH WKDW D+HW1HW LV RYHUOD\RI IHPWR FHOOV RYHU DOUHDG\ H[LVWLQJPDFUR FHOOV VKRZQ LQ)LJ )HPWR FHOO
GHSOR\PHQWEULQJV LQPXOWLSOHDGYDQWDJHVVXFKDV WKH LQFUHDVH LQQHWZRUNFRYHUDJHQHWZRUNFDSDFLW\RIIORDGLQJ
ORZHULQJWKHFRVWRIGHOLYHULQJPRELOHEURDGEDQGVHUYLFHVHWF
)LJ)HPWRFHOOFRQQHFWLRQWRPRELOHRSHUDWRUFRXUWHV\IURPIHPWRIRUXP
1HYHUWKHOHVV IHPWRFHOOGHSOR\PHQWFRQIURQWV VLJQLILFDQW FKDOOHQJHV VXFKDVPDLQWHQDQFH LVVXHVGHSOR\PHQW
LVVXHVHWF,QWHUIHUHQFHPDQDJHPHQWDPRQJWKHIHPWRFHOOVDQGPDFURFHOOVLVRQHRIWKHPRVWVLJQLILFDQWFKDOOHQJHV
,Q WKLVSDSHUZHDGGUHVVD VROXWLRQ WR WKH LQWHUIHUHQFHSUREOHPE\ LQWURGXFLQJFRJQLWLRQ WR WKH IHPWRFHOO DFFHVV
SRLQW7KLVFRJQLWLYH)$3FRQWUROVWKHSRZHURIWKHVPDOOFHOOEDVHVWDWLRQLQDFFRUGDQFHZLWKLQWHUIHUHQFHDQGQRLVH
OHYHOV7KHFRQFHSWLVH[SODLQHGLQVHFWLRQ
7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV VHFWLRQ  GHDOV ZLWK WKH VLJQLILFDQFH RI IHPWR FHOOV VHFWLRQ 
IRFXVHVRQWKHLQWHUIHUHQFHSUREOHPDVVRFLDWHGZLWKWKHIHPWRFHOORXUVROXWLRQLVSURSRVHGLQVHFWLRQ7KHUHVXOWV
RIRXUZRUNLVSUHVHQWHGLQVHFWLRQIROORZHGE\WKHFRQFOXVLRQLQVHFWLRQ
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 %DFN*URXQG
$ VPDOO FHOO LV FHOO LQWURGXFHG LQWR DQ H[LVWLQJ FHOOXODU QHWZRUN FRQVLVWLQJ RI ORZ SRZHU UDGLR GHYLFHV ZKRVH
WUDQVPLVVLRQ UDQJHV DUH OLPLWHG WR D IHZ NLORPHWUHV WR IHZ PHWHUV 6PDOO FHOOV LQFOXGH IHPWRFHOOV SLFRFHOOV
PLFURFHOOV DQGPHWUR FHOOV 6PDOO FHOOV EULQJ LQ IOH[LELOLW\ FRVW HIIHFWLYHQHVV DQG HDVHRI GHSOR\PHQW XQOLNH WKH
FRPSOH[LWLHVLQYROYHGZLWK WKHGHSOR\PHQWRIDPDFURFHOO6PDOOFHOOVFDQDOVRFRQWDLQWKHVHOIRUJDQL]DWLRQDQG
VXVWHQDQFHFDSDELOLWLHVDVZHOO2QHRIWKHNH\DGYDQWDJHVRIDVPDOOFHOOLVWKDWVPDOOFHOOVVHUYHDVRIIORDGLQJVSRWV
WRPDFURFHOOVWKHUHE\UHGXFLQJWKHFRQJHVWLRQLQDPDFURFHOO7UDIILFRIIORDGLQJLQPDFURFHOOLVDFKLHYHGZKHQ
XVHUVDUHVHUYHGE\WKHVPDOOFHOOEDVHVWDWLRQLQVWHDGRIPDFURFHOOEDVHVWDWLRQ,QWKLVSDSHUZHFRQVLGHUIHPWRFHOO
DVWKHVPDOOFHOO
,QJHQHUDOXVHUVZLOOFRQQHFWWRWKHQHWZRUNWLHUZKLFKKDVJUHDWHUVLJQDOVWUHQJWKUHFHLYHGVLJQDOVWUHQJWKLH566
7KHDVVRFLDWLRQSUREDELOLW\RIWKHXVHUVFRQQHFWHGWRVPDOOFHOOFDQEHVWDWHGDVIROORZV
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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4R6UHTXLUHPHQWVRIDPDFURFHOO,QRWKHUZRUGVWKHXVDJHRIIHPWRFHOOVZLOOLQFUHDVH*HQHUDOO\IHPWRFHOOVDUH
GHSOR\HGE\WKHFOLHQWVLQVWHDGRIVHUYLFHSURYLGHU7KHXVHUVDUHJHQHUDOO\SODFHWKHIHPWRFHOODFFHVVSRLQWLQWKHLU
KRPHVRIILFHVFRPSOH[HVHWF+HQFHWKHGHSOR\PHQWRIIHPWRFHOOVFRQIURQWVPDMRUFKDOOHQJHV:KLFKDUH
• 'HVLJQRIPXOWLWLHUQHWZRUNV:KHQDPDFURFHOOLVRYHUODLGZLWKDQXPEHURIIHPWRFHOOVLWEHFRPHVDPXOWL
WLHUQHWZRUNZKHUHWKHIHPWRFHOOVVHUYHVDVDLQGHSHQGHQWWLHU7KLVFUHDWLRQRIQHZWLHUFRPHVXSZLWKWKH
FKDOOHQJHVVXFKDVRIIORDGLQJUHODWHGFKDOOHQJHV DGPLVVLRQFRQWURODQGKDQGRIIPDQDJHPHQWHWF7KLVFDOOVIRU
DUREXVWGHVLJQRIPXOWLWLHUDUFKLWHFWXUH
• ,QWHUIHUHQFH PDQDJHPHQW ,QWHUIHUHQFH ZLWKLQ D WLHU DQG DPRQJ WKH QHLJKERXULQJ WLHUV RI D QHWZRUN LV D
VLJQLILFDQWFKDOOHQJH&KDOOHQJHVUHODWHGWRLQWHUIHUHQFHDUHIXUWKHUGLVFXVVHGLQGHWDLOLQVHFWLRQ
• 6SHFWUXPUHVRXUFHDOORFDWLRQV6SHFWUXPLVQRZVHHQDVDVFDUFHDQGGLPLQLVKLQJFRPPRGLW\7KHFRQFHSWVRI
VRIWZDUHGHILQHGUDGLRDQGFRJQLWLYHUDGLRKDYHHYROYHGWRWDFNOHWKHSUREOHPRIVSHFWUXPGURXJKW(VSHFLDOO\
LQ WKH FDVH RI+HW1HWVZKLFK VXUYLYHV RQ WKH VSHFWUXP UHXVH SULQFLSOH WKH VSHFWUXP UHVRXUFH DOORFDWLRQ LV
HVSHFLDOO\PDMRUSUREOHPWRHQFRXQWHUZLWK
• %DFNKDXO PDLQWHQDQFH DQG UHODWHG LVVXHV 7KH WRSRORJ\ RI WKH 0%6V DQG WKH RSHUDWRU LQVWDOOHG IHPWR FHOO
)$3 LVG\QDPLFDQGYRODWLOH$EDFNKDXOKDV WREHGHVLJQHG VRDV WR WDFNOH WKHFKDQJHVPDGH LQ WRSRORJ\
DFURVV WKH VHUYLFH DUHD DFFRUGLQJ WR WKH FDSDFLW\GHPDQG7KXV WKHGHSOR\PHQW RI IHPWR FHOOV DQGGHVLJQRI
FRUUHVSRQGLQJEDFNKDXOQHWZRUNLVFRPSOLFDWHG
 (TXDWLRQV
7KHREMHFWLYHRIWKLVSDSHULVWRPLWLJDWHWKHLQWHUIHUHQFHUHODWHGLVVXHVDVVRFLDWHGZLWKWKH+HW1HWV
,QWHUIHUHQFHLQIHPWRFHOOLVRIWZRW\SHV
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• &URVVWLHU LQWHUIHUHQFH7KLV W\SH RI LQWHUIHUHQFH LV FDXVHG E\ WKH QHWZRUN HOHPHQWV RI GLIIHUHQW WLHUV$
0%6ZLOODIIHFW WKHSHUIRUPDQFHRIDQ\ IHPWRFHOOSODFHG LQ LWVFRYHUDJHUHJLRQ$ORQJZLWKPDFURFHOO
EDVHVWDWLRQVPDFURFHOOXVHUVZLOODIIHFW WKHSHUIRUPDQFHRIQHDUE\IHPWRFHOOV6LPLODUO\WKHIHPWRFHOO
DFFHVVSRLQWVZLOOFDXVHVLJQLILFDQWLQWHUIHUHQFHWRWKHQHDUE\PDFURFHOOXVHUV6SHFWUXPVSOLWWLQJDQGLQWHU
FHOOLQWHUIHUHQFHFRRUGLQDWLRQDUHWKHJHQHUDOO\HPSOR\HGWHFKQLTXHVWRPLWLJDWHFURVVWLHULQWHUIHUHQFH
• &RWLHULQWHUIHUHQFH7KHQHWZRUNHOHPHQWVUHVLGLQJLQWKHVDPHWLHUUHVXOWVLQWKLVNLQGRILQWHUIHUHQFH,Q
IHPWR FHOO HQYLURQPHQW FRWLHU LQWHUIHUHQFH LV FDXVHG E\ QHLJKERXULQJ IHPWR FHOOV 7KLV NLQG RI
LQWHUIHUHQFHLVPRUHVLJQLILFDQWLQWKHFDVHRIGHQVHGHSOR\PHQWV
,QWHUIHUHQFHDWSRLQWµ\¶LVJLYHQE\
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FRUUHVSRQGLQJ FKDQQHO IDGLQJ FRHIILFLHQW DQG \ ;−a b GHQRWHV WKH DSSUR[LPDWHGLVWDQFHEHWZHHQ WKH WUDQVPLWWHU
DQGWKHSODFHZKHUHLQWHUIHUHQFHLVHVWLPDWHG
6LJQDOWR,QWHUIHUHQFHSOXV1RLVH5DWLR6,15LVDOVRDQLPSRUWDQWSDUDPHWHULQWKHVPDOOFHOOEDVHVWDWLRQ6,15
FDQEHHVWLPDWHGDV
,QJHQHUDOLWFDQEHHVWLPDWHGDV 36,15 , 1= +
ZKHUHµ3¶LVWKHSRZHURIWKHLQFRPLQJVLJQDORILQWHUHVWµ,¶LVWKHSRZHURIRWKHUVLJQDOVLQWKHQHWZRUNFRQVLGHUHG
DVLQWHUIHUHQFHSRZHUDQGµ1¶LVWKHQRLVH
,QFDVHRIIHPWRFHOOWKH6,15RIµ WKL ¶IHPWRFHOODFFHVVSRLQWFDQEHFDOFXODWHGIURP
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$ FRPSUHKHQVLYH VXUYH\ RI LQWHUIHUHQFH PLWLJDWLRQ WHFKQLTXHV LV SUHVHQWHG ,Q RYHUKHDG VLJQDOOLQJ VWUDWHJLHV
KDYHEHHQDQDO\]HGWRZDUGVLQWHUIHUHQFHPLWLJDWLRQ%XWLQDOOWKHVHWHFKQLTXHVLQWHUIHUHQFHPLWLJDWLRQLVFDUULHG
RXWLQDFHQWUDOL]HGIDVKLRQ6XFKDSSURDFKHVPD\WXUQFRPSOLFDWHGZKHQWKHUHLVDODUJHGHSOR\PHQWRIIHPWRFHOOV
,QWKLVSDSHUZHSURSRVHDFRJQLWLYHIHPWRFHOODFFHVVSRLQWZKLFKGHDOVZLWKWKHLQIHUHQFHZLWKRXWDQ\DGGLWLRQDO
LQIRUPDWLRQRUFRRSHUDWLRQIURPPDFURFHOOVRUWKHQHLJKERXULQJIHPWRFHOOV
3URSRVHG:RUN
7KHIXQGDPHQWDO WKHRU\RI WKHSURSRVHGDOJRULWKP LVEDVHGRQ WKH IDFW WKDW WKHSRZHU OHYHOVRI0%6DQG)$3
FRPSOHPHQWHDFKRWKHU7KLVFRQFHSWLVIXUWKHUH[SODLQHGLQGHWDLOXVLQJ)LJ 7KHSRZHUOHYHOVRIPDFURFHOODQG
IHPWRFHOODJDLQVWGLVWDQFHLVSORWWHGLQ)LJ 7KHSULPDU\XVHRIIHPWRFHOOLVWRSURYLGHWKHFRYHUDJHWRWKHLQGRRU
HQYLURQPHQWZKHUHWKHVLJQDOVWUHQJWKFRPLQJIURP0%6GURSVVLJQLILFDQWO\7\SLFDOO\WKHSDWKORVVLQFXUUHGGXHWR
DEULFNZDOOLVG%,Q)LJLWFDQEHREVHUYHGWKDWWKH0%6VLJQDOSRZHUGURSVVLJQLILFDQWO\DIWHUSDVVLQJWKURXJK
DQREVWDFOHWKXVDIIHFWLQJWKHFRYHUDJH)HPWRFHOOVDUHLQVWDOOHGWRSURYLGHVHUYLFHLQVXFKDUHDV
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)LJ0DFURFHOODQG)HPWRFHOO3RZHUOHYHOVYV'LVWDQFH
)RUWKHVLPXODWLRQSXUSRVHWUDQVPLWSRZHURIPDFURFHOOEDVHVWDWLRQLV:DQGIHPWRFHOOEDVHVWDWLRQLVP:
7KHPRVWEDVLFDQGVLPSOHPHWKRGIRULQWHUIHUHQFHPLWLJDWLRQLVWRDGMXVWWKHSRZHUOHYHOVRIWKHIHPWRFHOO7KLV
PHWKRG LV PDLQO\ FRQVWUDLQHG E\ µ∇ ¶ %XW DV WKH SRZHU OHYHO RI IHPWR FHOO LV LQFUHDVHG LW ZRXOG DIIHFW WKH
QHLJKERXULQJ XVHUV RU IHPWR FHOOV 7R DGGUHVV VXFK SUREOHPV ZH SURSRVH D QRYHO SRZHU FRQWURO DOJRULWKP 7R
H[HFXWHVXFKDQRYHOSRZHUFRQWUROZHLQFRUSRUDWHGFRJQLWLRQWR)$3
7KHSURSRVHGSRZHUFRQWUROEDVLFDOO\GHSHQGVRQWKH6,15YDOXH$VWKH6,15UHSUHVHQWVWKHTXDOLW\RIVHUYLFHWKH
PDLQWHQDQFHRIUHTXLUHG6,15LVLPSRUWDQW)URPHTXDWLRQWKH6,15LVFDOFXODWHGDV
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     0 0, 1 6,15 3 , 1 6,15 δ+ ≤ ≤ + −        
+HUHδ LVDFRQVWDQWGHSHQGVRQWKHGHQVLW\RIIHPWRFHOOV7KHUDQJHRIδ LVIURPWRGHSHQGLQJRQWKH
QXPEHURIQHLJKERXULQJIHPWRFHOOV
&)$3IROORZVWKHDOJRULWKPVKRZQLQ)LJ
)LJ$OJRULWKPIORZFKDUW

7RPLWLJDWHWKHLQWHUIHUHQFHWKHIHPWRFHOODFFHVVSRLQWSHUIRUPVWKHIROORZLQJVWHSVGHSLFWHGLQ)LJ
• :KLOH DOORFDWLQJ WKH FKDQQHO WR WKH XVHUV LQ WKH IHPWR FHOO &)$3 ILUVW VHQVHV HQHUJ\ GHWHFWLRQ RU DQ\
VLPSOHVSHFWUXPVHQVLQJ WHFKQLTXHDOO WKHFKDQQHOVDYDLODEOHLQWKHPDFURFHOODQGDOORFDWHVWKHFKDQQHO
ZLWKORZLQWHUIHUHQFHDQGQRLVHOHYHOV
• ,QWKLVVWHSWKHDQDO\VHVRILQWHUIHUHQFHOHYHOLVWDNHVSODFH:KLFKLQWXUQHVWLPDWHVWKHYDOXHRI6,15WRD
SDUWLFXODUFKDQQHOZKLFKLVVHOHFWHGLQVWHS
• ,QWKLVVWHSWKH6,15YDOXHLVFRPSDUHGWRWKHUDQJHRIWKHVWDQGDUG6,15YDOXH,ILWVDWLVILHVLWGLUHFWO\
DOORFDWHVWKHFKDQQHORWKHUZLVHWKHSURFHVVJRHVWRVWHSSRZHUFRQWURO
• &)$3YDULHV WKH WUDQVPLW SRZHU OHYHO 3V VXFK WKDW WKH6,15 OHYHO RI WKDW SDUWLFXODU IHPWR FHOO DOZD\V
UHPDLQV LQEHWZHHQ WKH VSHFLILHG WKUHVKROG UDQJH / 87K 6,15 7K< < $IWHU YDU\LQJ WKHSRZHU OHYHO WR
DWWDLQWKHUHTXLUHG6,15WKHSURFHVVZLOOJRWRFKDQQHODOORFDWLRQ
• ,QILQDOVWHSWKHFKDQQHODOORFDWLRQZLOOWDNHVSODFH$IWHUFKDQQHODOORFDWLRQWKHSURFHVVLVUHSHDWHGWKURXJK
VWHS WRFRQWLQXRXVO\PRQLWRU WKH6,15YDOXHV ,I WKH6,15YDOXHFKDQJHV LWDJDLQYDULHV WKHSRZHU LQ
DFFRUGDQFH
7KXVZHLQWURGXFHGWKHFRJQLWLRQWRWKHIHPWRFHOODFFHVVSRLQWLQWKH+HW1HWVQRWRQO\ZLWKUHVSHFWWRVSHFWUXP
UHVRXUFHVEXWDOVRZLWKUHVSHFWWR6,15OHYHOV
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6LPXODWLRQ5HVXOWV
,QWKLVVHFWLRQZHSUHVHQWVLPXODWLRQUHVXOWVZKLFKDUHDVIROORZV
• ,Q )LJ  FRPSDULVRQ RI 6,15 YDOXHV LQ D JLYHQ VPDOO FHOO ZLWK DQG ZLWKRXW HPSOR\LQJ FRJQLWLRQ LV
SUHVHQWHG+HUHWKHUDQJHRIVPDOOFHOODQGLQWHUIHUHQFHUDWLRLVOLPLWHGWR  
6
,
3≤ ≤ 7KLVYDULDWLRQ
RI6,15LVSUHVHQWHGLQ)LJ:HFDQLQIHUWKDWLQWKHFDVHRIZLWKRXWFRJQLWLRQDVLQWHUIHUHQFHOHYHOV
LQFUHDVH WKH 6,15 RI WKH VPDOO FHOO GHFUHDVHV ,Q WKH FDVH RI ZLWK FRJQLWLRQ WKH YDOXH RI 6,15 LV
LQGHSHQGHQWRILQWHUIHUHQFHOHYHOVDQGLVPDLQWDLQHGDERYHWKHJLYHQWKUHVKROGOHYHO7KDWLVHYHQZLWKWKH
LQFUHDVLQJOHYHOVRILQWHUIHUHQFHWKHOHYHORI6,15LVKHOGDOPRVWFRQVWDQW
)LJ&RPSDULVRQRI6,15RIVPDOOFHOOZLWKDQGZLWKRXWHPSOR\LQJFRJQLWLRQ
• 7KHLPSDFWRIWUDQVPLWSRZHUYDULDWLRQVRIVPDOOFHOORQ6,15QHLJKERXULQJVPDOOFHOOVLVVKRZQLQ)LJ
)URPWKHJUDSKLWFDQEHDVVHUWHGWKDWWKHLPSDFWRISRZHUOHYHOYDULDWLRQVGXHWRFRJQLWLRQGRHVQRWDIIHFW
WKH6,15RIWKHQHLJKERXULQJVPDOOFHOOPXFKEHFDXVHRIWKHXSSHUERXQGRQWKH6,15
)LJ(IIHFWRIFRJQLWLRQRQ6,15RIQHLJKERXULQJ6PDOOFHOO
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&RQFOXVLRQ
)URPVLPXODWLRQUHVXOWVLWFDQEHDVVHUWHGWKDWFRJQLWLRQZLWKUHVSHFWWRSRZHUFRQWUROLVDEHWWHUZD\WRPLWLJDWH
LQWHUIHUHQFH LQ WKH VPDOO FHOOV %\ WKLV ZD\ WKH DPRXQW RI LQFUHDVH LQ SRZHU LV FRQWUROOHG QRW WR DIIHFW WKH
LQWHUIHUHQFHRIQHLJKERXULQJIHPWRFHOOV
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